Abstract: Podoplanin, a transmembrane glycoprotein, has been considered to be expressed specifically by lymphatic endothelial cells. However, recent studies have shown that the protein is expressed in a variety of normal as well as neoplastic tissues, and that its expression might be related to cell migration and invasion. In this study, we examined podoplanin expression in inflamed gingival tissues using an i m m 
Introduction
Chronic periodontitis, an inflammatory form of periodontal disease, is caused by microorganisms present in the plaque biofilm that forms around the teeth (1) . The formation of periodontal pockets, and progressive destruction of connective tissue and alveolar bone result in tooth loss in adults (1) . The infiltration and extension of the junctional epithelium along the root caused by inflammatory stimuli from periodontopathic bacteria are essential events for the progression of chronic periodontitis (1) . Podoplanin, a transmembrane glycoprotein, is expressed specifically by lymphatic endothelial cells (2, 3) . However, recent studies have shown that the protein is expressed in a variety of normal as well as neoplastic tissues, and that its expression might be related to cell migration and invasion (4) (5) (6) . In the present study, we
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Materials and Methods

Collection of samples
Immunohistochemical analysis
Inflamed gingival tissues embedded in paraffin wax were sectioned and mounted on microscopic slide glass. Deparaffinized sections were immersed in absolute methanol containing 0.3% H 2 O 2 for 15 min at room temperature to block endogenous peroxidase activity. After washing, the sections were immersed in 0.01 M citrate buffer, pH 6.0, and heated in a microwave oven for 5 min at high voltage and then for 15 min at low voltage. An appropriately diluted mouse monoclonal anti-human D2-40 (anti-podoplanin antibody; Dako North America, Inc., Carpinteria, CA) was applied to the sections for 1 h at room temperature, followed by a prediluted anti-mouse IgG antibody conjugated with peroxidase (Nichirei, Tokyo, Japan) was applied for 1 h at room temperature. The sections were immersed for 8 min in 0.05% 3,3'-diaminobenzidine tetrahydrochloride (DAB) in 0.05 M TrisHCl buffer (pH 8.5) containing 0.01% H 2 O 2 and then counterstained with Mayer's haematoxylin.
Results
A positive immunoreaction product for podoplanin was found in lymphatic endothelial cells in the connective tissue of all inflamed gingival cases used in this study (Fig.  1) . The basal cells of oral gingival epithelium showed positive immunoreactivity for podoplanin. The intensity was higher, when severe inflammatory cell infiltration was present in the connective tissue just under the epithelium (Fig. 2) . When inflammatory changes were weak or absent, little or no reactivity for podoplanin in the basal cells was found (Fig. 1) . Positive immunoreaction product for podoplanin was also observed in basal cell extensions (Fig. 3) . Little or no positive immunoreaction for podoplanin was detected in the oral sulcular and junctional epithelia without rete peg formation associated with slight inflammatory reaction in the connective tissue (Fig. 4a) . However, strong positivity for podoplanin was observed in all layers of the oral sulcular and junctional epithelia including the elongated rete pegs associated with severe inflammatory reaction in the connective tissue (Fig.  4b) . Podoplanin expression was detected in the cell membrane as well as in the cytoplasm of the epithelial cells.
Discussion
Human podoplanin is a 38kD type 1 transmembrane sialomucin-like glycoprotein consisting of 162 amino acids. Although the protein has been regarded as a specific marker for lymphatic endothelial cells (2,3,7-9), its expression has been reported in various normal as well as neoplastic cells (4-7, 10-15, 20) .
In normal cells other than lymphatic endothelial cells, focal expression of podoplanin has been detected on basal epithelial keratinocytes of the skin, cervix and esophagus (2,3). On the other hand, no positive reaction for podoplanin has been demonstrated in basal cells of morphologically normal oral mucosal epithelium. However, its expression has been found in the cases where biopsy had been performed previously (10) , suggesting that podoplanin expression may appear when morphologic changes such as regeneration or reparative processes occur. In addition to basal epithelial keratinocytes, high podoplanin expression has been detected on myoepithelial cells of the breast glands and salivary glands (3). We have also confirmed that podoplanin is expressed on myoepithelial cells of the major as well as minor salivary glands (20) . Moreover, it has been reported that myofibroblasts of the prostate, fibromyocytes of the testis and perineural cells express podoplanin (3). Schacht et al. have pointed out that all of these cell types are contractile and undergo frequent changes in their shape mediated by myofilaments, and that podoplanin might have an important role in mediating cellular contractility and cytoskeletal reorganization (3).
Other than these findings, expression of the glycoprotein has been found in alveolar type 1 cells of the lung, stromal reticular cells and follicular dendritic cells in the follicular germinal centers of lymphoid organs such as the thymus, tonsils and lymph nodes (16) (17) (18) (19) . Increased expression of podoplanin has been detected in various malignant tumors, and a potential role of the glycoprotein in tumor progression has been suggested. However, we found that podoplanin is expressed in limited myoepithelial elements of pleomorphic adenomas (20) . Although pleomorphic adenoma is a common benign epithelial tumor of the salivary glands, it has a tendency to invade surrounding tissues. In ovarian tumors, Schacht et al. have reported strong expression of podoplanin in the tumor cells of dysgerminoma and granulose cell tumor (3). However, other ovarian tumors such as adenocarcinomas, thecomas and Sertoli-Leydig cell tumors were negative for podoplanin (3, 21) . Importantly, it has been described that the majority of primary squamous cell carcinomas are positive for podoplanin, and that there is an inverse relationship between its expression and tumor differentiation (3, (10) (11) (12) (13) (14) . Podoplanin-expressing cells are found at the invasive tumor front in human squamous cell carcinoma. It has been reported that podoplanin increases the activities of Rho GTPases, mainly RhoA, contributing to cytoskeletal reorganization, suggesting an important role of podoplanin in tumor invasion and metastasis (4) (5) (6) .
In the present study, all the specimens of human inflamed gingival tissues showed a positive immunoreaction for podoplanin in lymphatic endothelial cells as well as limited epithelial elements. In oral gingival epithelium, reactivity for podoplanin was observed in the basal cells when severe inflammatory changes were present in the connective tissue just under the epithelium. In addition, positivity for podoplanin was also detected in basal cell extensions. It has been reported that basal cell extensions are frequently observed in gingival epithelium, but not in other types of oral epithelium, and it implies that the gingival epithelium may possess characteristics of odontogenic epithelium (22, 23) . Enhanced expression of podoplanin was especially evident in oral sulcular and junctional epithelia including the elongated rete pegs associated with severe inflammatory reaction in the connective tissue.
These findings suggest that inflammatory stimuli from periodontopathic bacteria may induce podoplanin expression in the oral sulcular and junctional epithelia and increase the migratory capability of the epithelia essential for the progression of chronic periodontitis.
